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Abstract	
	Recent seismological studies involving a large amount of receiver function and shear wave splitting data recorded by regional Geofone-IA stations have been conducted in the Sunda-Banda Arc transition zone. This region is characterized by a change in tectonic regime from subduction of Indo-Australia plate along the eastern part of Sunda Arc to collision of the Australian continental plate with islands arc in the western part of the Banda Arc. The previous receiver function results reveal variation in crustal structure and properties due to the influence of the change in tectonic regime from subduction to collision. The recent shear wave splitting results also show variation in the direction of the shear wave fast polarisations, suggesting that anisotropy is either caused by preferentially aligned cracks related to the stress field or structural fabrics related the aligned macroscopic fractures and anisotropic minerals. These variations are suggested to be related to the change in tectonic setting. In this report, we extend our analysis using spatial averaging fast polarizations to reveal some features that might be connected to the structure variation due to the change of tectonic regime. The spatial averaging method reveals that the average fast polarisations of the splitting waves are consistent with the trending structural discontinuity that might be presence in this region. This result is in good agreement with other geological and geodetical studies conducted in the Sunda-Banda arc transition zone.	
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1. Introduction	
Sunda‐Banda	arc	transition	zone	is	marked	by	transition	in	tectonic	setting	from	
subduction	 in	west	 of	 Sumba	 Island	 to	 collision	 in	 east	 of	 Sumba	 Island	 (Fig.	 1).	 The	
evolution	and	origin	of	Sumba	Island	itself	 is	still	debated	(e.g.	Rutherford	et	al.,	2001;	
Abdullah	et	al.,	2000).	Seismic	reflection	and	refraction	studies	(e.g.	Shulgin	et	al.,	2009;	
Luschen	 et	 al.,	 2011)	 found	 that	 this	 area	 is	 highly	 deformed	 providing	 variation	 in	
structure	 and	 morphology.	 This	 region	 is	 also	 characterized	 by	 the	 presence	 of	 two	
major	structure	discontinuities	dividing	the	region	into	three	tectonic	blocks	(Nugroho	
et	 al.,	2009).	First,	Major	 tectonic	discontinuity	 separating	between	 the	Sunda	arc	and	
Banda	arc	has	been	hypothesized	based	on	 the	discontinuity	 line	of	volcanism	 located	
between	 Sumbawa	 and	 Flores	 Islands	 (Audley‐Charles,	 1975).	 Another	 hypothesized	
structure	discontinuity	based	on	the	uplift	different	of	coral	reefs	is	located	along	Pantar	
Strait	(Nishimura	and	Suparka,	1986).		
	Fig	1.	Tectonic	setting	of	the	study	area.	The	inverted	blue	triangles	detone	seismic	station	used	
in	this	report.	The	bathymetric	contours	plotted	from	Sandwell	and	Smith	(2009).	
	
Recent	seismological	studies	have	conducted	in	order	to	substantiate	variation	in	
crustal	 structure	 and	 deformation	 pattern	 as	 result	 of	 the	 change	 of	 tectonic	 regime	
from	 subduction	 to	 collision	 (Syuhada	 et	 al.,	 2016a;	 Syuhada	 et	 al.,	 2016b).	 Previous	
receiver	 function	 study	 (Syuhada	 et	 al.,	 2016a)	 reveals	 that	 the	 Moho	 depth	 varies	
between	 26‐38	 km,	 and	 the	 deeper	 Moho	 found	 at	 seismic	 stations	 located	 in	 the	
collision	domain	suggest	 the	 influence	of	 the	underplating	of	buoyant	Australian	crust	
during	the	arc‐continent	collision.	The	study	area	also	has	high	Vp/Vs	ratio	which	might	
be	related	to	the	local	geological	 features	such	as	the	presence	of	mafic	and	ultramafic	
materials,	 fluid	 filled	 fracture	zone	and	partial	melt	due	to	geothermal	activities	 in	the	
upper	mantle.	The	shear	wave	splitting	results	(Syuhada	et	al.,	2016b)	show	that	the	fast	
directions	in	the	subduction	domain	are	consistent	with	the	directions	of	the	principal	
compressional	 strain‐rate	 axes,	 suggesting	 that	 anisotropy	 is	mainly	 caused	 by	 stress	
induced	 anisotropy.	 On	 the	 contrary,	more	 scattered	 fast	 directions	 are	 shown	 in	 the	
collision	 domain,	 indicating	 that	 anisotropy	 is	 either	 caused	 by	 preferentially	 aligned	
cracks	 related	 to	 the	 stress	 field	 or	 structural	 fabrics	 related	 the	 aligned	macroscopic	
fractures	and	anisotropic	minerals.	Recent	2D	delay	time	tomography	derived	from	the	
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shear	wave	splitting	measurements	(Syuhada	et	al.,	2016c)	also	found	strong	anisotropy	
related	to	the	geological	features	as	possible	sources	of	seismic	anisotropy	in	this	area.	
This	previous	study	suggests	that	strong	anisotropy	found	in	Timor	Island	related	to	the	
preferential	 alignment	 of	 anisotropic	 minerals,	 whereas	 strong	 anisotropy	 in	 Sumba	
Island	 corresponds	 to	 micro‐cracks	 in	 the	 lower	 crust	 resulted	 from	 the	 interaction	
between	the	crustal	root	of	Sumba	and	the	Australian	Plate.		In	this	report	we	extend	our	
analysis	to	map	crustal	deformation	pattern	using	spatial	averaging	of	fast	polarization	
derived	from	shear	wave	splitting	measurements.		
	
2. Data	and	Method	
In	 this	 research,	we	use	 the	 same	seismic	dataset	 as	 in	 the	previous	anisotropic	
study	 (Syuhada	 et	 al.,	 2016c).	 The	 dataset	 consists	 of	 seismograms	 recorded	between	
2008	and	2015	by	17	GEFONE‐BMKG	stations	distributed	in	both	two	tectonic	domains:	
subduction	and	collision	 (Fig.	1).	All	 events	used	 for	 the	 study	have	hypocenter	depth	
less	 than	 30	 km	 to	 avoid	 contamination	 from	 mantle	 anisotropic	 sources.	 Splitting	
parameters	 are	 then	 computed	 using	 the	 automated	 shear	 wave	 splitting	 package	
(MFAST)	(Savage	et	al	2010).	Shear	wave	splitting	occurs	when	a	polarized	shear	wave	
propagates	through	an	anisotropic	medium	and	splits	into	two	quasi	shear	waves	with	
different	 polarizations	 and	 speeds.	 The	 shear	wave	 splitting	 technique	 then	measures	
the	fast	polarization	direction	()	and	the	delay	time	(t)	between	fast	and	slow	waves.	
The	 MFAST	 code	 works	 based	 on	 eigen	 value	 minimization	 (Silver	 and	 Chan,	
1991)	 and	 cluster	 analysis	 (Teanby	 et	 al.,	 2004). To	 compute	 shear	 wave	 splitting	
parameters,	we	follow	the	procedure	as	described	in	the	previous	study	[Syuhada	et	al.,	
2016b	 and	 2016c].	 First,	 we	 only	 use	 seismograms	which	 have	 clearly	 S‐arrivals	 and	
incident	angle	within	35°.	In	MFAST,	we	then	apply	multiple	filters	to	look	for	the	best	
filter	based	on	signal	to	noise	ratio	(SNR	>	3).	The	seismograms	resulted	from	the	best	
filter	are	then	used	for	the	splitting	measurements.	The	splitting	results	are	then	graded	
based	on	SNR,	stability	of	cluster	and	error	analysis.	In	this	report,	we	only	employ	the	
splitting	results	with	grading	A	or	B	(AB	grade)	for	further	analysis	(Fig.	2).	
We	 then	 use	 TESSA	 package	 to	 examine	 spatial	 variation	 of	 fast	 polarisations	
(Johnson	et	al.,	2011).	In	this	package,	Spatial	averages	of		are	computed	by	averaging		
calculated	from	each	event‐station	pair	in	particular	grid	block.		Each	block	is	set	to	be	
32	km	x	32	km.	Tomographic	weighting	scheme	is	derived	from	the	previous	study		to	
calculate	average		 in	grid	blocks	 (Syuhada	et	al.,	2016c).	This	weighting	 factor	works	
based	 on	 variations	 due	 to	 heterogeneous	 anisotropic	 structure.	 Therefore,	 more	
weighting	is	given	for	the	blocks	containing	higher	degree	of	anisotropy.	The	weighting	
function	߱	then	can	be	formulated	as	(Johnson	et	al.,	2011):	
	
߱௥௕ ൌ ܵ௕ ߜݐ௥ൗ 	
Here,	r	is	the	ray	propagating	through	block	b.	Then	the	weighted	average	of		for	n	rays	
in	each	block	is:	
߶௕തതതത ൌ 12ܽݎܿݐܽ݊ ቆ
∑ cosሺ2߶௥ሻ ൈ ߱௥௕௡௥ୀଵ
∑ sin	ሺ2߶௥ሻ ൈ ߱௥௕௡௥ୀଵ ቇ	
We	only	calculate	the	average	when	block	consists	of	at	least	eight	ray	path	(Fig.	3).		
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	Fig.	2	An	example	of	the	spitting	paramaters	derived	from	MFAST	code.	The	top	left	panel	shows	
the	original	three	component	seismogram.	The	top	righ	panels	depict	the	waveform	and	particle	
motions	of	S	wave	before	and	after	correction.	The	below	panels	represent	 the	cluster	analysis	
and	the	contour	diagram	providing	the	best	splitting	measurement	denoted	by	the	blue	crosses.	
	
	
Fig.	3	Grids	and	rays	(red	lines)	used	for	the		spatial	averaging.	The	grey	boxes	represent	square	
boxes	containing	rays	less	than	8	rays	and	thus	are	discarded	from	the	analysis.	
3. Result	and	discussion	
Fig.	4	displays	the	rose	diagram	of		and	the	weighted	average	of		obtained	for	each	
grid	block.	Here,	we	only	plot	the	spatial	average	of	,	if	the	standard	deviation	and	the	
standard	error	of	the	mean	are	less	than	30°	and	20°,	respectively.		We	observe	that	the	
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direction	of		 	 spatial	averages	beneath	Sumba	and	Savu	Basin	varies	between	NE‐SW	
and	 SE‐NW.	 We	 suggest	 that	 this	 region	 is	 densely	 fractured	 as	 resulted	 from	 the	
collision	process	(e.g.	 Johnson	et	al.,	2011).	We	also	observe	that	weighted	means	of		
depict	consistent	regional	patterns	dominated	by	NE‐SW	direction	near	Lombok	Basin.	
This	direction	is	parallel	 to	the	principal	compressional	axis	of	the	strain	rate	(Bock	et	
al.,	2003).	This	result	suggests	that	anisotropy	beneath	Lombok	Basin	might	be	related	
to	dilatancy	of	fracture	zones	causing	a	fast	wave	polarisation	parallel	to	the	maximum	
horizontal	stress	(Boness	and	Zoback,	2006).	
	
Fig.	4	Map	of	the	spatially	averaged	fast	orientations	using	32	km	grid	blocks.	Red	rose	diagrams	
represent	 all	 measurements	 in	 each	 individual	 block	 containing	 at	 least	 8	 passing	 rays.	 The	
yellow	bars	denote	the	mean	fast	orientation	in	each	block	with	the	standard	deviation	<	30°	and	
the	 standard	 error	 <	 20°.	 The	 black	 ellipses	 represent	 the	 places	 in	 which	 the	 mean	 fast	
directions	are	aligned	parallel	to	the	trending	structural	discontinuities.	
The	 most	 striking	 feature	 in	 the	 spatial	 averaging	 results	 is	 the	 change	 of	 fast	
polarisations	from	generally	NE‐SW	fast	direction	in	the	north‐west	of	Sumba	and	NW‐
SE	 directions	 in	 the	 north‐west	 of	 Savu	 Basin	 to	 almost	 N‐S	 direction	 in	 the	 north	 of	
Sumba	at	around	120°E.	We	suggest	 that	 this	pattern	could	be	 related	 to	 the	 trending	
structural	 discontinuity	 called	 Sumba	 fracture,	 reflecting	 the	 boundary	 between	 an	
intra‐oceanic	 character	 in	 the	west	 and	 an	 arc‐continent	 collision	 zone	 in	 the	 east	 as	
proposed	 by	 Audley‐Charles	 (1975)	 and	 Nishimura	 and	 Suparka	 (1986).	 The	 Sumba	
fracture	occurred	during	the	Late	Jurassic,	and	Sumba	drifted	northwards	away	from	the	
continental	 margin	 in	 response	 to	 the	 initiation	 of	 the	 Wharton	 Basin	 of	 the	 Indian	
Ocean	and	performed	a	clockwise	 rotation	(Audley‐Charles,	1975).	The	discontinuities	
in	geological	and	geophysical	parameters	found	between	Sumbawa	and	Flores	support	
the	existence	of	Sumba	fracture.	The	prominent	offset	in	the	line	of	volcanism	between	
Sumbawa	and	Flores	might	provide	 the	evidence	 for	 this	 structural	 discontinuity.	The	
geochemistry	 study	 observed	 that	 the	 chemical	 contents	 in	 the	 volcanic	 products	
obtained	from	the	 islands	between	Flores	and	Sumbawa	are	also	different	(Nishimura,	
1980).	 Recent	 geodetic	 study	 reveals	 three	 possible	micro	 plate	 blocks	 (the	 Lombok‐
Sumbawa	forearc,	the	Flores‐Sumba‐Savu	and	the	Timor‐Wetar	segments)	based	on	GPS	
velocities	that	increase	relative	to	SE	Asia	from	21%	to	41%	to	63%	eastward	along	the	
Sunda‐Banda	arc	transition	zone	(Nugroho	et	al.,	2009).	These	segmentation	boundaries	
lie	 along	 major	 structural	 discontinuities	 in	 the	 transition	 zone,	 namely	 Sumba	 and	
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Pantar	 fractures	 (Audley‐Charles,	 1975;	 Nishimura	 and	 Suparka,	 1986).	 Interestingly,	
we	 also	observed	 that	 the	 fast	 polarisations	 in	 the	north	of	 Timor,	 near	 the	proposed	
location	of	 the	Pantar	 fracture,	 are	aligned	parallel	 to	 the	strike	of	 the	Pantar	 fracture	
and	 perpendicular	 to	 the	 principal	 compressional	 axis	 of	 the	 strain	 rate	 (Bock	 et	 al.,	
2003).	 Although	 this	 fracture	 is	 poorly	 constrained,	 the	 geological	 evidence	 shows	 a	
sharp	break	in	rate	of	uplift	of	the	coral	reefs	along	the	Pantar	strait,	indicating	a	zone	of	
fracture	 (Nishimura	 and	 Suparka,	 1986).	 Seismic	 reflection	 profiles	 also	 reveal	 fault	
zones,	 which	might	 be	 correlated	 to	 this	 structural	 discontinuity	 (Karig	 et	 al.,	 1987).	
Thus,	 we	 suggest	 that	 anisotropy	 around	 these	 structural	 discontinuities	 is	 mainly	
controlled	by	structural	anisotropy.	
4. Conclusion	
In	this	report,	we	have	shown	that	the	average	fast	directions	observed	in	the	Sunda‐
Banda	 arc	 transition	 zone	 coincide	 with	 the	 features	 related	 to	 the	 structural	
discontinuities	as	suggested	by	other	studies.	In	the	north‐west	of	Sumba,	the	pattern	of	
fast	directions	is	consistent	to	the	strike	of	Sumba	fracture	separating	oceanic	character	
in	the	west	and	continental	character	 in	the	east.	 In	 the	north	of	Timor,	 the	pattern	of	
average	fast	polarizations	is	consistent	to	the	strike	of	Pantar	fracture.	However,	further	
investigation	 involving	 the	 deeper	 part	 of	 the	 lithosphere	 is	 necessary	 in	 order	 to	
provide	a	broad‐scale	understanding	of	tectonic	evolution	in	this	area.	
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